Transfer of Euglena gracilis Klebs Z cells from phototrophic to organotrophic growth on acetate results in derepression of the key enzymes of the glyoxylate cycle, malate synthase and isocitrate lyase, which appear coordinately regulated. The derepression of malate synthase and isocitrate lyase was accompanied by increased specific activities of succinate dehydrogenase, fumarase, and malate dehydrogenase, but hydroxypyruvate reductase activity was unaltered.
Microbodies, organelles with a single limiting membrane, and a granular matrix (21) are widely distributed in higher plants (15) and are of at least two types characterized by different enzyme complements but of similar morphology. The microbodies of leaves (peroxisomes) contain enzymes of the glycolate pathway (32, 33) , whereas microbodies present in fatty seeds (glyoxysomes) contain the enzymes of the glyoxylate cycle, isocitrate lyase and malate synthase (5, 6) . Electron microphotographs of algae have revealed organelles of similar morphology to microbodies in Chlorella (4, 10, 16, 27) Euglena (8, 18) , Chlamydomonas (17) , Micrasterias (34) , Nitella (30) , and Klebsormidium (31) , but because of difficulties of isolation only limited information is available on enzyme complement in relation to nutrition of algae.
The definitive studies of Kornberg (22) have shown that the growth of many microorganisms, including algae (20) (Fig. 1) . The specific activity of the peroxisomal enzyme serine-glyoxylate aminotransferase was also unaffected during transition from phototrophic to organotrophic growth. The increase in malate synthase and isocitrate lyase activities resulting from the addition of acetate to cultures was inhibited by cyloheximide and p-fluorophenylalanine (Woodward and Merrett, unpublished observations) suggesting that the increase in enzyme activity resulted from de novo protein synthesis rather than enzyme activation.
Relation of Levels of Isocitrate Lyase and Malate Synthase. A plot of the specific activity of malate synthase against that for isocitrate lyase under different growth conditions is shown in Figure 2 . The synthesis of these enzymes in Euglena appears to be coordinately regulated.
Separation of Euglena Organelies by Sucrose Density Gradient Centrifugation. After centrifugation of broken cell suspensions of Euglena on a linear sucrose gradient, the distribution of specific marker enzymes for organelles was determined (Fig. 3) . Malate synthase was selected as a glyoxysomal marker enzyme and a major peak of activity was recorded in fraction 9 ( Fig. 3) corresponding to an equilibrium density of 1.25 g cm3. Fumarase was assayed as a marker for mitochondria, a major peak of activity was present in fraction 13 at an equilibrium density of 1.22 g cm3, and in addition a second peak of activity was present in fractions 16 and 17 corresponding to an approximate equilibrium density of 1.16 g cm3. Chlorophyll was determined to record the distribution of chloroplasts and chloroplast fragments, a peak of Chl was present in fraction 15 at an equilibrium density 1.19 g cm3 and a second peak in fraction 19 at an equilibrium density of 1.15 g cm3.
Major peaks of protein were present in fractions 9, 13, and 17 corresponding with the peak of malate synthase activity and the two peaks of fumarase activity.
A major difference in enzyme distribution on heterotrophic and phototrophic gradients was that in addition to the peak of fumarase activity in fraction 13 corresponding with the usual mitochondrial fraction in phototrophic cells, a second peak of activity was present in fraction 16 on heterotrophic gradients. When other mitochondrial enzymes were assayed over the heterotrophic gradient succinate dehydrogenase and D-lactate dehydrogenase activity corresponded with fumarase activity (Fig. 4) . Citrate synthase and malate dehydrogenase gave characteristic peaks of activity in the glyoxysomal fraction, and also peaks in fractions 13 phototrophic gradients failed to give a second mitochondrial peak, while decreasing the amount of protein on heterotrophic gradients still gave two peaks.
The second peak of mitochondrial enzymes was below the major Chl peak on the gradient, so it might arise as a result of some mitochondria being hindered by the chloroplast fraction in their movement on the gradient. When dark-grown Euglena cells were grown on acetate and subjected to the same procedure as chloroplast containing cells, the distribution of mitochondrial enzymes was unaffected by the absence of chloroplasts, and peaks of activity were still present in fractions 13 and 16 (Fig. 5) . In agreement with the results obtained with green cells grown on acetate, bleached cells gave characteristic peaks of glyoxysomal enzymes in fraction 9 ( Fig. 5) .
These experiments had not eliminated the possibility that one peak of mitochondrial enzymes was intact mitochondria and the other damaged mitochondria of altered buoyant density. Adenosine triphosphatase was taken as an indicator of mitochondrial damage, and assay over a heterotrophic gradient revealed only one major peak of activity in fraction 16 ( Fig.  6 ), suggesting this fraction contained damaged mitochondria. Several other possible microbody enzymes were assayed, although a complete enzyme profile of microbodies from acetategrown Euglena was not attempted. Serine-glyoxylate aminotransferase was located exclusively in the microbody fraction, while glycolate dehydrogenase was present in the microbody fraction and in the two mitochondrial enzyme fractions (Fig.  5 ). Aspartate-a-ketoglutarate was located in the microbody fraction and in fractions 13 and 17 (Fig. 5) , and although activity in fraction 13 clearly represents a mitochondrial enzyme, the activity in fraction 17 could be due to either a chloroplast or mitochondrial enzyme. However, with bleached cells grown on acetate, aspartate-a-ketoglutarate aminotransferase activity was only present in fraction 9 containing microbody enzymes and fraction 13 containing intact mitochondria, showing that the other peak of activity (fraction 17) recorded for green cells represents a chloroplast enzyme (Fig. 6) .
The recoveries for enzyme activities after sucrose density gradient centrifugation were the same as for phototrophic gradients (11) 
DISCUSSION
The transfer of cells from phototrophic conditions to heterotrophic growth on acetate was accompanied by significant changes in enzyme levels (Fig. 1) . The presence of acetate resulted in the derepression of the key enzymes of the glyoxylate cycle, malate synthase, and isocitrate lyase (Fig. 1) . These enzymes appear to be coordinately regulated (Fig. 2) as occurs in germinating fatty seeds (35) , Aspergillus (1) , and Tetrahymena (25) (11) . The microbody marker enzymes from both phototrophic and heterotrophic cells banded together at an equilibrium density of 1.25 g cm3, with a major peak of mitochondrial enzymes at an equilibrium density of 1.22 g cm3. A difference was the presence of an additional peak of mitochondrial enzymes at an equilibrium density of 1.16 g cm' with heterotrophic cells (Fig. 3 ). Significant differences in the distribution of tricarboxylic acid cycle enzymes between the peaks of equilibrium density 1.16 g cm3 and 1.22 g cm3 from heterotrophic cells were not detected. Mitochondrial ATPase, located on the inner surface of the inner mitochondrial membrane (23) was assayed to determine mitochondrial integrity. Only one peak of activity in fraction 16 (Fig. 6) , corresponding to the second peak of mitochondrial enzymes of equilibrium density 1.16 g cm3 was present on the heterotrophic gradient. Activity was detected only in the lower mitochondrial fraction of equilibrium density 1.22 g cm3 after sonication. While the lower peak of enzyme activity represents intact mitochondria, the additional peak of mitochondrial enzymes at an equilibrium density of 1.16 g cm' from heterotrophic cells was due to damaged mitochondria. Mitochondrial morphology in Euglena, as revealed by electron microscopy, varies over the cell cycle (9) and with growth conditions. Change in morphology from small discrete mitochondria to a mitochondrial network could result on homogenization in the production of more mitochondrial fragments, thereby giving two peaks of mitochondrial enzymes on gradients.
Fumarase and succinate dehydrogenase were not detected in the microbody fraction, nor were hydroxypyruvate reductase and serine-glyoxylate aminotransferase detected in the mitochondrial fraction of phototrophic cells (11) . With heterotrophic cells a complete separation of microbody and mitochondrial enzymes was not achieved; although mitochondrial enzymes were not detected in the microbody fraction, malate synthase was always present in the lower mitochondrial fraction (Fig. 3) , and this was particularly so with bleached cells (Fig.  6 ). Total malate synthase activity in this fraction was low compared to the microbody fraction, suggesting that it arose from microbody fragments in the mitochondrial fraction. The presence of some malate synthase activity in the mitochondrial fraction of equilibrium density 1.22 (11) . The major peak of activity was in the microbody fraction, a second peak in fraction 13, the intact mitochondria fraction with a minor peak in fraction 17 containing damaged mitochondria (Fig. 5) . Rates of glycolate and D-lactate oxidation were additive in the mitochondrial fraction, with glycolate oxidation being cyanide-sensitive and D-lactate oxidation cyanide-resistant as in phototrophic cells (11) . Glycolate oxidation was linked to 02 uptake in the intact mitochondria fraction, as occurs with mitochondria from phototrophic cells (1 1).
The transfer of cells to heterotrophic growth on acetate results in the derepression of malate synthase and isocitrate lyase (Fig. 1 (11) , whereas in cells grown heterotrophically on acetate they contain the enzymes of the glyoxylate cycle.
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